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Abstract
We study the possibility of explaining the recently reported 750 GeV di-photon excess at LHC
within the framework of a left-right symmetric model. The 750 GeV neutral scalar in the model
is dominantly an admixture of neutral components of scalar bidoublets with a tiny fraction of
neutral scalar triplet. Incorporating SU(2) septuplet scalar pairs into the model, we enhance
the partial decay width of the 750 GeV neutral scalar into di-photons through charged septuplet
components in loop while keeping the neutral septuplet components as subdominant dark matter
candidates. The model also predicts the decay width of the 750 GeV scalar to be around 36 GeV to
be either confirmed or ruled out by future LHC data. The requirement of producing the correct di-
photon signal automatically keeps the septuplet dark matter abundance subdominant in agreement
with bounds from direct and indirect detection experiments. We then briefly discuss different
possibilities to account for the remaining dark matter component of the Universe in terms of other
particle candidates whose stability arise either due to remnant discrete symmetry after spontaneous
breaking of U(1)B−L or due to high SU(2)-dimension forbidding their decay into lighter particles.
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I. INTRODUCTION
After the discovery of the Standard Model (SM) Higgs boson in 2012, the Large Hadron
Collider (LHC) experiment has been searching for new physics beyond the Standard Model
(BSM). In spite of many theoretical motivations for BSM physics around the TeV scale, the
LHC experiment has not been able to discover anything new so far. However, very recently
the ATLAS and CMS collaborations [1–3] of the LHC have reported a di-photon resonance
pp → X → γγ with an invariant mass of 750 GeV at around 3σ level of confidence. The
reported cross-sections for di-photon excess signal are given by
σATLAS (pp→ X) · Br (X → γγ) ≃ (10± 3)fb ,
σCMS (pp→ X) · Br (X → γγ) ≃ (6± 3)fb .
ATLAS collaboration has also hinted towards a large decay width of this 750 GeV scalar,
around 45 GeV, though the CMS collaboration still prefers a narrow width. Although it is
equally probable that the statistical significance of the di-photon signal may go down with
more LHC data, it is nevertheless tantalising to consider the possibility that the excess signal
is an indication of some interesting BSM physics. The Landau-Yang theorem forbids the
possibility of spin-1 resonance as an interpretation of the di-photon signal [4, 5]. Interestingly,
this excess signal can be easily interpreted by postulating a new spin-0 scalar particle with
mass around 750 GeV which can be produced at LHC and subsequently decay into two
photons. Many attempts have already been made in this context in order to explain the di-
photon excess events with the simple extension of SM singlet scalar along with new physics
heavy scalars and vector-like fermions charged under SM gauge group and others including
supersymmetric variants [6–170].
On the other hand, the left-right symmetric models (LRSM) [171, 172] originally moti-
vated for natural explanation for maximal parity violation in weak interactions as well as
to provide light neutrino masses via seesaw mechanisms have the potential to explain the
di-photon signal when extended with additional vector like fermions [49, 68, 103, 125]. The
added advantage of considering left-right symmetric models with vector like fermions is that
it can be easily embedded in a grand unified theory unifying all three known fundamental
interactions. One interesting possibility is to interpret the 750 GeV di-photon excess signal
in the simple extensions of two Higgs doublet models where one of the lightest neutral Higgs
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scalars (apart from 125 GeV SM Higgs boson) is considered as the 750 GeV resonance pro-
duced sufficiently via gluon gluon fusion process and subsequently decaying to two photons
via one-loop diagrams containing charged components of high SU(2)-dimension scalars in
loop [145]. Thus, the di-photon signal cross-section σ(pp → H → γγ) can be increased so
as to fit with the ATLAS and CMS data with the inclusion of additional scalar having high
SU(2)−dimension.
With these motivations, in the present work, we consider the possibility of producing the
desired di-photon signal in LRSM with additional scalar multiplets, the neutral component
of which can give rise to some fraction of total dark matter abundance in our Universe. It
should be noted that around 26% of present Universe’s energy density is in the form of dark
matter and its relic abundance observed by the Planck experiment [173] can be quoted as
ΩDMh
2 = 0.1187± 0.0017 (1)
The annihilation cross-section of thermal dark matter particles required to generate such relic
abundance is of the order of weak interaction cross-sections leading to the so called WIMP
Miracle. In the above equation (1), Ω is the density parameter and h = (Hubble Parameter)/100
is a parameter of order unity. In order to have a good production cross-section of the 750
GeV neutral scalar, we consider a specific version of LRSM [174] where one can have a 750
GeV neutral scalar with sizeable couplings to standard model quarks. We show that for the
minimal particle content of this model, the reported di-photon signal can not be produced.
We then incorporate septuplet pairs into the model whose neutral components can be a dark
matter candidates. Due to the existence of triply, doubly and singly charged scalars, these
septuplet pairs can significantly enhance the partial decay width of the 750 GeV scalar into
di-photons. We show that for two pairs of such septuplets, the di-photon signal can be pro-
duced for maximal perturbative couplings and masses of charged septuplet components close
to (but greater than) 375 GeV. For such large couplings, the relic abundance of septuplet
dark matter remains subdominant requiring additional particle content which can give rise
to dominant component of dark matter. Though subdominant, such dark matter candidates
can however have promising signatures at dark matter indirect detection experiments. We
also show that, for such choices of parameters and masses, the 750 GeV scalar has a total
decay width of around 36 GeV, which will soon go through scrutiny at LHC experiment.
This paper is organized as follows. In section II, we briefly discuss the version of LRSM
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we adopt in this work and calculate the possibility of a 750 GeV neutral scalar in view of
the LHC signal. In section III, we extend this LRSM with pairs of septuplets and discuss
the implications for di-photon signal. In section IV, we demonstrate how the neutral com-
ponent of scalar septuplet can be sub-dominant component of dark matter. In section V,
we comment on the high scale validity of the model and then finally conclude our results in
SecVII.
II. LEFT-RIGHT SYMMETRIC MODEL
Left-Right Symmetric Model [171, 172] is one of the very well motivated BSM frameworks
where the gauge symmetry of the electroweak theory is extended to SU(3)c × SU(2)L ×
SU(2)R×U(1)B−L. The model not only explains the origin of parity violation in low energy
weak interactions naturally, but also gives rise to light neutrino masses naturally through
seesaw mechanisms. Parity violation at low energy occurs due to spontaneous breaking of
left-right symmetry at high scale and seesaw origin of light neutrino mass is guaranteed due
to natural inclusion of heavy right handed neutrinos as parts of SU(2)R fermion doublets.
Here the difference between the baryon and lepton number is a local gauge symmetry and
the electric charge formula relating baryons and leptons as follows
Q = T3L + T3R +
B − L
2
(2)
The particle content and their transformation under the gauge symmetry of LRSM
SU(3)c × SU(2)L × SU(2)R × U(1)B−L are shown in table I. In the symmetry breaking
pattern, the neutral component of the Higgs triplet ∆R acquires a vev to break the gauge
symmetry of the LRSM into that of the SM and then to the U(1) of electromagnetism by
the vev of the neutral component of Higgs bidoublet Φ:
SU(2)L × SU(2)R × U(1)B−L 〈∆R〉−−−→ SU(2)L × U(1)Y 〈Φ〉−→ U(1)em
After the symmetry breaking, four neutral scalars emerge, two from the bidoublet (H00 , H
0
1),
one from right handed triplet (H02) and another from left handed triplet (H
0
3 ). Similarly
there are two neutral pseudoscalars, one from the bidoublet (A01) and another from the left
handed triplet (A02). Among the charged scalars, there are two singly charged ones (H
±
1 , H
±
2 )
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Particle SU(3) SU(2)L SU(2)R U(1)B−L
qL =

uL
dL

 3 2 1 13
qR =

uR
dR

 3 1 2 13
ℓL =

νL
eL

 1 2 1 -1
ℓR =

νR
eR

 1 1 2 -1
Φ =

 φ011 φ+11
φ−12 φ
0
12

 1 2 2 0
∆L =

 δ+L /√2 δ++L
δ0L −δ+L /
√
2

 1 3 1 2
∆R =

 δ+R/√2 δ++R
δ0R −δ+R/
√
2

 1 1 3 2
TABLE I. Particle content of the minimal LRSM.
and two doubly charged ones (H±±1 , H
±±
2 ). Here, H
0
0 can be identified as SM like Higgs of
mass 125 GeV. In order to avoid the flavor changing neutral currents (FCNC) processes, the
neutral scalars from bi-doublet H01 , A
0
1 have to be heavier than 10 TeV [175]. This leaves only
the neutral scalars from triplets (H02 , H
0
3) to be a candidate for 750 GeV neutral resonance.
As shown in [49], this neutral scalar originating from the triplets can not give rise to the
desired signal.
The reduced di-photon cross-section through 750 GeV H02,3 in MLRSM is partly due
to the small partial decay width Γ(H02,3 → γγ) as well as small production cross-section
σ(pp → H02,3) of H02,3 in proton proton collisions at LHC. Since H02,3 do not directly couple
to quarks, it can be produced only through its mixing with the standard model Higgs,
suppressing the cross-section by the mixing angle squared. If the extra neutral scalar of 750
GeV mass were from the bidoublet, the production cross-section can be enhanced due to its
direct coupling with quarks. Fortunately, some interesting extension of MLRSM is possible
which can allow a neutral scalar with 750 GeV mass originating from the bidoublet [174].
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Some other alternatives to evade FCNC in these models have been proposed in [176]. The
model proposed by [174] includes the new particles shown in table II.
Particle SU(3) SU(2)L SU(2)R U(1)B−L
ρ =

 ρ+1 ρ++
ρ0 ρ+2

 1 2 2 2
Q′ =

 T
t′

 3 1 2 73
TABLE II. Additional particle content of the model [174] in addition to the particles in minimal
LRSM.
Here ρ is an extra bidoublet scalar andQ′ is a vector like SU(2)R quark doublet with exotic
U(1)B−L charge 7/3. Since the model was assumed to break discrete left-right symmetry (or
D parity) at very high scale by a parity odd singlet scalar, the vector like SU(2)L quarks were
considered to be very heavy and hence decoupled from the rest of the particles. Additional
Z4 symmetry was assumed in order to forbid simultaneous couplings of the standard model
quarks to Φ and Φ˜ = σ2Φ
∗σ2.
The essential feature of the left-right symmetric theories is to naturally provide the light
neutrino masses via type-I plus type-II seesaw mechanisms as follows
mν =ML −mDM−1R mTD = mIIν +mIν , (3)
where mD is the Dirac neutrino mass connecting light LH and heavy RH neutrinos, ML
(MR) is the Majorana neutrino mass for LH (RH) neutrinos. When SU(2)R gauge symmetry
breaking and discrete left-right symmetry breaking occur at different scales (possible in a D-
parity broken class of left-right models) the type II seesaw contribution is negligible leaving
only dominant type-I seesaw contributions to light neutrino masses.
A. 750 GeV neutral scalar in LRSM
As discussed in [174], this extended LRSM has a richer Higgs sector compared to the
MLRSM. The three neutral components of two bidoublets Φ, ρ acquire vev k1, k2, vρ which
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are responsible for electroweak symmetry breaking and hence related by
(k21 + k
2
2 + v
2
ρ)
1/2 = v2 = 246 GeV
The neutral component of ∆R also acquires a vev vR. Due to mixing of scalars through
quartic couplings, the neutral scalar mass matrix is in general non-diagonal. Using the
expressions for mass matrix elements given in [174] we diagonalise the mass matrix in order
to arrive at the desired mass spectra. The values of the vev are chosen as
k1 = 183 GeV, k2 = 36.6 GeV, vρ = 160 GeV, vR = 3305 GeV
where the ratio k1/k2 = 5 is chosen in order to be in agreement with flavor data, shown in
details by [174]. Choosing suitable values of scalar potential parameters, we can arrive at
the mixing matrix
U =


0.7647 0.0801 0.6378 −0.0432
0.618 −0.356 −0.70 −0.007
0.170 0.930 −0.323 −0.010
0.039 0.011 0.019 0.998


in the basis (k1, k2, vρ, vR). The same choices of parameters also give the lighter scalar masses
as mh = 125 GeV and mH = 750 GeV respectively. Thus the physical neutral scalars will
be Re(φ01, φ
0
2, ρ
0, δ0R) upto a rotation by the mixing matrix U given above. There are two
neutral pseudo scalars originating from two bidoublets in the model, one of which can be as
light as 750 GeV as shown by [174]. If we consider the left handed triplet scalar ∆L, then
there is one more neutral scalar and one more neutral pseudo scalar in the spectrum. Apart
from the neutral scalars and pseudo scalars, there are three singly charged scalars and two
doubly charged scalars around TeV scale. Including ∆L at low energy increases the number
of singly and doubly charged scalars by one.
Due to its coupling with the standard model quarks, the 750 GeV neutral scalar H can
be produced with a cross-section similar to to the standard model like Higgs h with 750
GeV mass. The dominant production channel is the gluon gluon fusion with top quarks in a
loop. The production cross-section σ(pp→ H) is same as σ(pp→ h) upto a factor decided
by the ratio of effective coupling of top quarks to h,H respectively. The 750 GeV scalar H
after production, can decay at tree level into standard model fermions (dominantly to top
quark pairs), electroweak vector bosons W, Z and standard model Higgs h. Due to many
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tree level decay channels, this Higgs H can possibly have a large decay width, as suggested
by the di-photon resonance search at LHC.
FIG. 1. Partial decay width and branching ratio into di-photons in LRSM
FIG. 2. Production cross-section of di-photons in LRSM
The model briefly discussed above has the following charged particles which can go in a
loop allowing the 750 GeV scalar H decaying into two photons:
• Standard model charged fermions: all the quarks and charged leptons.
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• Electroweak charged bosons W±
• Singly charged and doubly charged scalars originating from scalar bidoublets and
triplets.
The corresponding partial decay width of H to di-photons can be calculated using the
formula [177, 178]
Γ(H → γγ) = GFα
2m3H
128
√
2π3
|
∑
f
NcQ
2
f
gHff
ghff
AH1/2(τf) +
gHWW
ghWW
AH1 (τW ) +Q
2
sgHssA
H
0 (τs)|2 (4)
where GF is Fermi coupling constant, α is fine structure constant, Nc is the color factor of
charged fermion in loop, Qf,s are electromagnetic charges of fermions and scalars in loop
and τi = m
2
H/4m
2
i with i running over all charged particles in loop. The form factors A
H
1/2,1,0
for fermion, vector boson and scalar respectively are given by
AH1/2(τ) = 2[τ + (τ − 1)f(τ)]τ−2
AH1 (τ) = −[2τ 2 + 3τ + 3(2τ − 1)f(τ)]τ−2
AH0 (τ) = −[τ − f(τ)]τ−2
with the function f(τ) is given by
f(τ) =


arcsin2
√
τ , τ ≤ 1
−1
4
(
log 1+
√
1−τ−1
1−
√
1−τ−1 − iπ
)2
, τ > 1
Among the charged fermions, the top quark loop will dominate the partial decay width of H
to γγ. The effective coupling of H to top quarks in the model is gHff =
√
2(VLM
′′
uV
†)33/v
where VL,R are left and right handed quark mixing matrices and M
′′
u is the effective up-type
quark mass matrix originating from H contribution to the masses. For the above choice of
values of vev, (VLM
′′
uV
†)33 comes out to be approximately −159 GeV, which we use in our
calculations. The coupling of H to W boson pairs is given by
gHWW =
g2
2
(U21k1 + U22k2 + U23vρ)
where U24, vR are not appearing as ∆R does not couple to SU(2)L gauge bosons. The
coupling of H to charged scalar is
gHss = −mW
gm2s
λHss(U21k1 + U22k2 + U23vρ + U24vR)
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assuming all the charged scalars to have a same effective dimensionless coupling λHss to H .
In the expression for decay width, ghff , ghWW are the corresponding light standard model
Higgs h couplings to fermions and gauge bosons respectively.
It can be seen from figure 1, that for largest possible perturbative value of λHss = 4π, one
can achieve a partial decay width Γ(H → γγ) ≈ 0.0024 GeV and corresponding branching
ratio BR(H → γγ) ≈ 8 × 10−5. We also make an estimate of the production cross-section
σ(pp → H → γγ) and show its variation with λHss. We take the production cross-section
of standard model like Higgs with mass 750 GeV to be 850 fb [179] and multiply it by the
factor (VLM
′′
uV
†)33/mt squared to take care of the difference in htt and Htt couplings. The
resulting di-photon production cross-section is shown in figure 2. Thus, for largest possible
values of λHss, the maximum cross-section of the di-photon signal is approximately 0.045
fb, around two order of magnitudes below the reported signal of LHC.
For the same choices of couplings, we also check the contributions of these charged scalars
to the standard model like Higgs h decaying into di-photons. We find that Γnew(h→ γγ) ≈
4×10−6 for maximal dimensionless couplings. This value is already around 25% of standard
model partial decay width ΓSM(h → γγ) and hence will be ruled out by 8 TeV LHC data
[180].
FIG. 3. Total decay width of H and di-photon production cross-section in LRSM with N septuplet
pairs
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FIG. 4. Production cross-section of di-photons in LRSM with N septuplet pairs
Particle SU(3) SU(2)L SU(2)R U(1)B−L
SL 1 7 1 0
SR 1 1 7 0
TABLE III. Real septuplets added to LRSM.
III. DI-PHOTON EXCESS IN LRSM WITH SEPTUPLETS
To enhance the partial decay width of 750 GeV scalar H into di-photons without con-
flicting with ΓSM(h → γγ) we include a pair of septuplets into the above model. The
transformation of these septuplets are shown in table III. The motivation for inclusion of
septuplet scalars is two fold: 1) its charged components enhance the H → γγ branching
fraction for di-photon excess signal, 2) its neutral component can be stable dark matter can-
didate. However, we shall restrict ourselves to those parameters space of the scalar septuplet
which is helpful in explaining the di-photon signal even if it contributes marginally to the
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relic abundance of dark matter. The introduction of additional dark matter components can
compensate so as to give the correct number needed for relic density of dark matter of the
Universe. The usual structure of a scalar septuplet is given by
SL,R = (S
+++
L,R , S
++
L,R, S
+
L,R, S
0
L,R, −S−L,R, S−−L,R, −S−−−L,R )T (5)
Since the septuplet has only SU(2)L,R dimensions, it can interact with the corresponding
gauge bosons in following way
LintSL,SR = igL,RW 3L,R,µ(S−L,R
←→
∂µ S+L,R + 2S
−−
L,R
←→
∂µS++L,R + 3S
−−−
L,R
←→
∂µS+++L,R )
+
[
igL,RW
−
L,R,µ(
√
6S0L,R
←→
∂µS+L,R +
√
5S−L,R
←→
∂µ S++L,R +
√
3φ−−L,R
←→
∂µS+++L,R ) + h.c.
]
+ g2L,RW
3
L,R,µW
3,µ
L,R
(|S+L,R|2 + 4 |S++L,R|2 + 9 |S+++L,R |2)
+ g2L,RW
+
L,R,µW
−,µ
L,R
(
6 (S0L,R)
2 + 11 |S+L,R|2 + 8 |S++L,R|2 + 3 |S+++L,R |2
)
+ g2L,R
[
W−L,R,µW
−,µ
L,R
(√
30S0L,RS
++
L,R +
√
15S−L,RS
+++
L,R − 3S+L,RS+L,R
)
+ h.c.
]
+ g2L,R
[
W 3L,R,µW
−,µ
L,R
(√
6S0L,RS
+
L,R +
√
45S−L,RS
++
L,R +
√
75S−−L,RS
+++
L,R
)
+ h.c.
]
.
(6)
where we defined A
←→
∂µB ≡ A∂µB−B∂µA. Also the scalar sector extended with the following
scalar interactions
Lscalar(SL, SR) =
∑
L,R
[
1
2
(DµSL,R)
†DµSL,R − 1
2
M2|SL,R|2 −
∑
k=1,2
λk[SL,R]
4
k
]
− λLR|SL|2|SR|2
−
∑
L,R
[
λΦ|Φ|2|SL,R|2 + λρ|ρ|2|SL,R|2
]
−
∑
L,R
[
λ∆2 |∆L,R|2|SL,R|2 + λ∆3(∆†L,R∆L,R)(S†L,RSL,R)
]
, (7)
The interesting point to note here is that the mass-splitting between charged and neutral
components arise through electroweak radiative corrections and is found to beMQSL−M0SL ≃
170MeVQ2, for the left handed septuplet [181]. Thus, it is clear that the lightest component
is a neutral one. For the right handed multiplet, the mass splitting can be written as [182]
MQ −M0 ≈ α2M
4π
Q2[f(rWR)− c2Mf(rZ2)− s2W s2Mf(rZ1)− s2W f(rγ)] (8)
where sM = sin θM = tan θW [183], rX = MX/M and
f(r) = 2
∫ 1
0
dx(1 + x) log [x2 + (1− x)r2]
12
Thus, the splitting between charged and neutral components of right handed septuplets
depend upon the right handed gauge boson masses. Larger splitting can be introduced
by incorporating additional scalar fields. Such splitting has very important relevance in
computation of dark matter relic abundance.
Due to the existence of triply, doubly and singly charges scalars in a septuplet multiplet,
the decay of H into di-photons can be substantially enhanced. Assuming the septuplet pairs
SL,R to have no coupling with the bidoublet ρ, we can significantly keep the light Higgs h
coupling to the septuplet scalars under control. The septuplet scalar couplings to the light
Higgs h is given by
ghss = −mW
gm2s
λhss(U11k1 + U12k2 + U14vR)
which is almost zero for the above choices of vev’s and mixing matrix. However, the coupling
of 750 GeV scalar to the septuplet scalars can still be sizeable
gHss = −mW
gm2s
λHss(U21k1 + U22k2 + U24vR)
which is approximately equal to −mW
gm2s
(77). Thus, choosing the mixing angles of the mixing
matrix U appropriately, one can keep the new physics contributions to Γ(h → γγ) under
control while enhancing the Γ(H → γγ) simultaneously. The effective dimensionless cou-
plings λhss, λHss are approximately same, as both h and H are from the same bidoublet and
we are assuming identical septuplet couplings to bidoublet and triplet.
We now consider the new physics contribution to Γ(H → γγ) to be coming only from the
charged components of the septuplets. The contributions from charged scalars in bidoublets
and triplet are assumed to be negligible, as enhancing their contributions also increases
the Γ(h → γγ) as seen above. Taking the septuplet and t,W contributions to the partial
decay width of H to di-photons, we plot the total decay width of H and branching ratio
BR(H → γγ) in figure 3. We also plot the production cross-section σ(pp → H → γγ) in
figure 4. We have considered two different cases: one with a pair of septuplets and another
with two pairs of septuplets. Although the total decay width remains more or less same in
both cases, the di-photon production cross-section can be enhanced in the latter, to be in
agreement with LHC data. Here we have considered the total decay width to be
ΓTotalH = Γ
tt¯
H + Γ
WW
H + Γ
ZZ
H + Γ
hh
H + Γ
γγ
H + Γ
gg
H
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where
Γtt¯H =
3
16π
|yHtt¯|2mH
(
1− 4m
2
t
m2H
)3/2
≈ 25.87 GeV
ΓWWH =
1
8π
g2HWW
mH
[
1 +
1
2
(
1− m
2
H
2m2W
)2 ](
1− 4m
2
W
m2H
)1/2
≈ 0.29 GeV
ΓZZH =
1
16π
g2HZZ
mH
[
1 +
1
2
(
1− m
2
H
2m2Z
)2 ] (
1− 4m
2
Z
m2H
)1/2
≈ 0.09 GeV
ΓggH =
GFα
2
sm
3
H
36
√
2π3
|yHtt¯|2|3
4
AH1/2(τt)|2 ≈ 0.053 GeV
The partial decay widths ΓhhH ,Γ
γγ
H vary with hH and septuplet-H couplings. One interesting
prediction of the model is the total decay width of around 36 GeV for maximal coupling
λHss, which the future LHC data should be able to confirm or rule out.
IV. DARK MATTER IN LRSM WITH SEPTUPLETS
The neutral component of the scalar septuplet required for enhancing Γ(H → γγ) to
explain the di-photon excess can be a stable dark matter candidate. The neutral component
of the scalar septuplet is found to be accidentally stable in the minimal dark matter spirit by
not allowing any renormalizable couplings which leads to the decay because of high SU(2)-
dimension [184–186]. It should however be noted that, such accidental stability may not
be respected by unknown physics at a high energy scale, say the scale of quantum gravity.
Such new physics can induce the decay of these dark matter candidates with a lifetime much
less than the age of the Universe. It was shown in [187], by considering an effective field
theory framework that higher dimensional operators can lead to fast decay of septuplet dark
matter particle. One can guarantee the stability of septuplet dark matter only when some
additional gauge symmetries are responsible for its exact stability. We do not pursue this
topic further in this work and leave it for a future study.
Since the maximal di-photon excess can be achieved for charged septuplet masses close to
375 GeV, we consider low mass septuplet dark matter. For dark matter stability, the neutral
components of septuplets should be lighter than the charged ones. Such a mass splitting
can be achieved by considering either loop corrections or introducing some other multiplets
whose non-zero vev can induce a large mass difference. Typically, the loop corrected split-
tings are small, which may allow co-annihilations between charged and neutral components
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of septuplets during the time of freeze-out. Here we consider large splitting so that the
coannihilation effects can be neglected. We independently calculate the relic abundance of
left and right handed septuplet dark matter. For left handed septuplet S0L, the dominant
annihilation channel is S0LS
0
L → W+W− for MDM ≥ MW . The annihilation cross section is
given by [184]
〈σv〉 ≈ 1
64πM2DMgs
{g2(3− 4n2 + n4) + 16Y 4g4Y + 8g2g2Y Y 2(n2 − 1)} (9)
where n = 7 is the multiplet dimension, gs = 2n(n) for complex (real) multiplet and Y is the
hypercharge which is zero for a real septuplet. Apart from that there are also annihilation
channels through the 750 GeV scalar H into the standard model particles. The annihilation
cross sections we consider in this work are given by
σ(DM DM→ f f¯) = Nc
16πs
|yHff¯ |2f 2Hss
s− 4m2f
(s−m2H)2 + Γ2Hm2H
(
s− 4m2f
s− 4M2DM
)1/2
(10)
σ(DM DM→ hh) = 1
32πs
f 2Hssf
2
Hhh
(s−m2H)2 + Γ2Hm2H
(
s− 4m2h
s− 4M2DM
)1/2
(11)
σ(DM DM→ V V ) = 1
16πsgV
f 2Hssf
2
HV V
(s−m2H)2 + Γ2Hm2H
[
1 +
1
2
(
1− m
2
H
2m2V
)2 ]( s− 4m2V
s− 4M2DM
)1/2
(12)
where fHss = λDM(U21k1 + U22k2 + U24vR) is the dark matter coupling to 750 GeV neutral
scalar H , fHhh = λHhh(U21k1 + U22k2 + U23vρ + U24vR) is the hhH coupling, V denotes
electroweak massive bosons W,Z with gW = 1, gZ = 2 and fHV V is same as gHWW defined
earlier. These annihilation cross sections can be used to calculate the relic abundance of
dark matter given by [188]
Ωχh
2 ≈ 3× 10
−27cm3s−1
〈σv〉 (13)
Annihilations through light Higgs h are negligible due to tiny coupling of septuplets
with h. It is observed that, for MDM ≥ MW , the relic abundance of S0L is suppressed
whereas for MDM < MW , the relic density can be sufficient. The relevant parameter space
for both the mass range is shown in figure 5. The low mass regime, although produces
correct relic abundance, will be ruled out by the direct detection constraints as seen from
figure 6. The dark matter nucleon scattering can be mediated by the same 750 GeV neutral
scalar which appear in the self-annihilations. Therefore, the same DM-H coupling λDM that
appears in annihilation cross sections also arise in spin-independent scattering cross section.
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The most stringent constraints on dark matter nucleon spin independent scattering cross-
section comes from the LUX experiment [189]. We consider the minimum upper limit on
the dark matter-nucleon spin independent cross-section from LUX experiment [189] which
is 7.6 × 10−46 cm2 and show the allowed region of parameter space in figure 6 for both
dominant and subdominant dark matter.
FIG. 5. Parameter space giving rise to subdominant relic abundance of left handed septuplet dark
matter
Considering the right handed gauge bosons to be very heavy, the right handed septuplet
dark matter relic abundance can be calculated by considering only the H mediated channels
into standard model particles. The relevant parameter space is shown in figure 7. It can
be seen that for dark matter masses below 375 GeV, the coupling λDM between H and S
0
R
needs to be low λDM ≤ 2 in order to satisfy constraints from relic abundance and direct
detection simultaneously. However, to get the required di-photon signal, the coupling of
H with septuplets are required to be high as shown above. As seen from figure 6. such
high values of coupling will give rise to subdominant dark matter in this model. For such
subdominant dark matter, the direct detection constraints will also be relaxed by the ratio
of its abundance to actual dark matter abundance in the Universe. As seen from figure 6,
for a dark matter component which gives rise to 10% of total dark matter abundance, the
constraints from direct detection becomes weaker, allowing more regions of parameter space.
As discussed in [185], such septuplet dark matter in spite of being subdominant, can have
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FIG. 6. Parameter space giving rise to maximum value of H mediated direct detection cross-section
allowed by LUX experiment for dominant and subdominant septuplet dark matter
promising signatures at indirect detection experiments searching for gamma rays from dark
matter annihilations. Present experimental bounds in fact rule out left handed septuplet
masses upto 20 TeV if it gives rise to total dark matter abundance. For lower masses of left
handed septuplet, the experimental bounds constrains its relic abundance to be less than
1− 10% of total dark matter abundance.
Since the scalar septuplet contribution to the total dark matter of the Universe is subdom-
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FIG. 7. Parameter space giving rise to relic abundance of right handed septuplet dark matter
inant, there should be alternative ways to explain the correct dark matter fraction consistent
with the Planck data. We briefly discuss the possible new dark matter multiplets which can
compensate for the remaining dominant dark matter fraction. We provide a few possibilities
of dark matter candidates whose stability is either ensured automatically because of high
SU(2) dimension which forbids the tree level decay or exactly stable because of a remnant
Z2 ≃ (−1)B−L
symmetry arising after the spontaneous symmetry breaking of LRSM down to SM gauge
group i.e, SU(2)R × U(1)B−L → U(1)Y . Under this remnant discrete symmetry Z2 ≃
(−1)B−L, the usual leptons are odd while all bosons including scalars and gauge bosons are
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even. For detailed discussion, one may refer to [182, 190].
More specifically, one can extend this discussion of remnant discrete symmetry Z2 to
quarks in the following manner. Defining X = 3(B − L)–in order to make integer B − L
charges for quarks–usual quarks carry charge X(qL,R) = 1, leptons with X(ℓL,R) = −3 while
scalars have X − charge as X(Φ) = 0, X(ρ) = 6, X(∆R) = 6. Thus, the breaking of U(1)X
by scalar triplet ∆R with 6-unit of charge leads to
Z6 = Z3 × Z2 ,whereZ2 = (−1)3(B−L) for leptons
While Z3 is assigned as a remnant discrete symmetry for quarks transforming as qL,R →
eipi/3qL,R. It is quite clear now that all the fermions are odd while scalar bosons Φ, ρ,∆R
transforming are even under the remnant discrete symmetry. With this formulation, if we
introduce a fermionic multiplet having B − L = 0, i.e, Z2(DM) = (−1)3×0 = +1 which
implies that it is even under discrete symmetry. Thus, the neutral component is exactly
stable ensured by this discrete symmetry as other known fermions are odd under this discrete
symmetry.
Using the formalism of dark matter stability, the neutral lightest components of each
fermionic multiplets like (3, 1, 0, 1)F + (1, 3, 0, 1)F , (5, 1, 0, 1) + (1, 5, 0, 1), (2, 2, 0, 1)F and
(3, 3, 0, 1)F and the lightest neutral component of scalar multiplet while HL(2, 1,−1) +
HR(1, 2,−1, 1) can be a viable dark matter candidate. Here we have two component dark
matter for fermionic triplets and quintuplets as the neutral component of each of left- and
right-handed multiplet is a stable dark matter candidate and thus, the relic abundance is
sum of two components i,e ΩDMh
2 ≃ ΩLDMh2 + ΩRDMh2.
V. LANDAU POLE AND HIGH SCALE VALIDITY OF THE MODEL
Landau Pole is a point where either the value of gauge coupling constant gi becomes
infinite or the inverse fine structure constant α−1 = 4π/g2i for a quantum field theory is
zero. The focus is to examine whether the addition of additional septuplet scalars to the
left-right symmetric model under consideration leads to hitting the Landau Pole or not.
Since the septuplet scalars transform non-trivially under SU(2)L,R one needs to check the
renormalization group (RG) running of gauge couplings for SU(2)L,R only.
The renormalization group evolution (RGE) equations for gauge couplings at loop level
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is given by [191, 192]
d α−1i
d t
= − bi
2π
(14)
where we denote t = ln(µ), αi = g
2
i /(4π) as fine structure constants and bi being the one-
loop beta coefficients for a given ith gauge group. The formula for one-loop beta coefficients
is given by for bi is
bi = −11
3
C2(G) + 2
3
∑
Rf
T (Rf)
∏
j 6=i
dj(Rf) +
1
3
∑
Rs
T (Rs)
∏
j 6=i
dj(Rs). (15)
where C2(G) is defined as the quadratic Casimir operator for gauge bosons in their adjoint
representation. The other parameters T (Rf) and T (Rs) are traces of the irreducible repre-
sentation Rf,s for a given fermion and scalar representation. Similarly, d(Rf,s) is defined as
the dimension of a given representation Rf,s.
More specifically, one can write down the RG evolution equations for SU(2)L fine-
structure coupling α2 ≡ g22/4π at one-loop level from a scale λ to Λ > λ: [191, 192]
1
α2(Λ)
=
1
α2(λ)
− b2
2π
log
(
Λ
λ
)
. (16)
Thus, the Landau pole – α−12 (ΛLP) = 0 – is given by
ΛLP ≃ λ exp
[
2π
b2
α−12 (λ)
]
, (17)
if b2 > 0. Here λ is the left-right symmetry breaking scale around few TeV range, b2 is the
one-loop beta coefficient for SU(2)L,R for the present model with septuplet scalars motivated
to explain the recent diphoton excess around 750 GeV reported by ATLAS and CMS.
The fermions and scalar content of the present left-right symmetric model with gauge
group SU(2)L × SU(2)R × U(1)B−L × SU(3)C is given by
Fermions: qL(2, 1, 1/3, 3) , qR(1, 2, 1/3, 3) ,
ℓL(2, 1,−1, 1) , ℓR(1, 2,−1, 1) ,
Scalars: Φ(2, 2, 0, 1) , ρ(2, 2, 2, 1) ,
∆L(3, 1, 2, 1) , ∆R(1, 3, 2, 1) ,
plus additional vector-like fermionQ′(1, 2, 7/3, 3)whose RG effects is neglected here. In order
to know the value of SU(2)L,R gauge couplings, one examine the RGEs from SM to LRSM
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and derived the couplings at left-right breaking scale (say at 5 TeV). The RG running results
α−12L ≃ 31.5 and α−12R ≃ 48.5 at 5 TeV. With the inclusion of scalar septuplets (7, 1, 0, 1) +
(1, 7, 0, 1) at left-right breaking scale and using the derived one-loop beta coefficients b2L =
20/3(2), b2R = 22/3(8/3) [193] where the numbers in the parentheses are for real scalar
septuplets, the Landau poles are found to be
ΛLP ≃ 5× 1016GeV for SU(2)L
ΛLP ≃ 5× 1022GeV for SU(2)R
For four multiplets, the Landau pole occurs at lower energy ΛLP = 10
9 GeV(SU(2)L),ΛLP =
1014 GeV(SU(2)R). Thus, the introduction of higher SU(2)L,R multiplets like septuplet
scalars in the present model can severely modifies the running of inverse of fine structure
constants α−12L,2R and even can results in a Landau Pole at a scale below the scale of gravity or
Planck scale. However, the safe condition that ΛLP > MPl ≃ 1.2×1019 GeV can be achieved
by incorporating the presence of new dynamics at high energy scale which we do not pursue
here. While studying the effects of septuplets on the RG running of gauge couplings, it is
equally important to check the RG evolution of scalar potential couplings. Among them,
the coupling between the septuplet and the 750 GeV scalar is very important, as one needs
to choose a large initial value of it in order to satisfy the LHC data on di-photon cross
section, as seen from figure 4. The RGE equations for the scalar potential couplings in an
extension of SM with real septuplets are given in [193]. Assuming our low energy model
below the scale of left-right symmetry as SM plus septuplets and the 750 GeV Higgs, we
consider the evolution of scalar potential coupling between septuplet and the 750 GeV Higgs
denoted by λHss in the above discussions. As seen from figure 4, a very high value of coupling
λHss ≥ 10 needs to be chosen in a model with N = 2 pairs of septuplets in order to satisfy
CMS data. This makes the theory non-perturbative at a scale around 1 TeV as seen from
figure 8. If we have N = 3 pairs of septuplets, then the lower bound on scalar coupling
is λHss ≥ 6 for which the theory remains perturbative upto around 8 TeV. This limit can
even be increased for N = 4 pairs of septuplets as evident from figure 8. Although, more
pairs of septuplets contribute more severely to the running of SU(2) gauge coupling, we
check that it remains perturbative well above the scale we find for perturbative nature of
scalar potential couplings. In this simplified analysis, we however assume the initial values
of other septuplet couplings to be zero. Above the scale of left-right symmetry, one needs
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FIG. 8. RG evolution of septuplet-750 GeV Higgs coupling
to include the RGE equations for other gauge couplings as well include the contribution of
them in the RGEs of scalar potential couplings. However, the order of estimate analysis
made for SM with septuplets and 750 GeV Higgs will not change significantly by a more
complete RGE analysis for LRSM which we have skipped here. Thus, with the inclusion of
3 pairs of septuplets, the theory can remain perturbative upto the scale of 8 TeV, inviting
additional new dynamics beyond LRSM well within the reach of LHC center of mass energy
14 TeV. This is a generic feature of other LRSM explanation of 750 GeV di-photon excess
with additional vector like quarks [103] where a cut-off scale of around 10 TeV was obtained.
VI. COMPATIBILITY WITH 8 TEV DATA
Considering the production cross section of SM like Higgs at 8 TeV LHC to be around 250
fb, we do the same analysis as before to get different final state production cross sections at
8 TeV. The results for diphoton final states at 8 TeV is shown in figure 9. It can be seen that
for N = 3, 4 pairs of septuplets, the 8 TeV data can constrain the dimensionless couplings
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to some range of values. The same range of values can however, give rise to the desired
diphoton cross section at 13 TeV, as can be seen by comparing figure 9 with 4. The 8 TeV
CMS diphoton limit is taken from [194].
FIG. 9. Production cross-section of di-photons in LRSM with N septuplet pairs, compared with 8
TeV LHC limits.
We also check the other relevant final states on which 8 TeV LHC data put strict bounds.
For example, the cross section to WW final state is coming out to be 1.70 fb for maximum
decay width of the 750 GeV scalar, around 36 GeV in our model. This lies way below the
present limit of 47 fb [195].
One needs to collect more data in future LHC run before confirming the diphoton signal
excess. Since the scalar resonance has other decay channels it is important to note down the
other experimental constraints including the most relevant constraints from monojet plus
missing transverse energy (MET) at LHC [196, 197]. Many recent works explaining the 750
GeV diphoton excess have also addressed these bounds including [31]. In our model, the 750
GeV scalar can give rise to MET plus monojet through its couplings to septuplet dark matter.
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If dark matter mass MDM < 750/2 GeV, the LHC constraints will severely constrain the
couplings of dark matter with the 750 GeV scalar. This will show more preference towards
heavier dark matter masses in our model.
VII. CONCLUSION
We have considered a specific class of left-right symmetric models where the additional
neutral components of the bidoublet (apart from the SM Higgs) can be as light as 750 GeV
and hence can be a potential candidate for the recently reported di-photon signal at LHC.
Although the production cross-section of such a scalar can be comparable to the production
of a SM like Higgs with 750 GeV mass, its branching ratio into di-photons remains too low to
explain the LHC signal. In order to enhance the di-photon signal, we incorporate additional
septuplet scalars whose charged components play the role in enhancing di-photon signal
whereas the neutral components can play the role of subdominant dark matter candidates.
We showed that for two pairs of such septuplets, the desired di-photon signal can be produced
if certain dimensionless couplings are kept at maximal perturbative limit. The model also
predicts the total decay width of the 750 GeV scalar to be around 36 GeV for such large values
of couplings. This will definitely go through further scrutiny at future LHC measurements
and have the potential of being falsified.
Interestingly, the same couplings which decide the di-photon production cross-section also
play a role in deciding the relic abundance of the neutral component of these septuplets.
We find that large values of such couplings suppress the dark matter relic abundance. The
subdominant nature of the dark matter candidates is not only a requirement from the de-
mand of producing the correct di-photon signal, but also a necessity from severe constraints
coming from dark matter direct and indirect detection experiments. Being part of a very
large SU(2) multiplets, these dark matter candidates (in spite of being subdominant) can
give rise to a significant indirect detection signals which can be probed by ongoing experi-
ments. We have demonstrated that the inclusion of additional dark matter component can
compensate this without affecting the di-photon phenomenology. We also check the high
scale validity of the model by calculating the scale at which Landau pole occurs for the
SU(2)L,R gauge couplings. We found that for four septuplet multiplets, the SU(2)L, SU(2)R
Landau pole occurs at 109, 1014 GeV respectively. This indicates the presence of additional
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new physics between the TeV scale LR symmetry and the scale of gravity or the Planck
scale. Considering the RGEs of scalar potential couplings make even more strict constraint
on the scale of validity of the theory demanding new dynamics beyond LRSM around 8-9
TeV. This leaves serious model building challenges for this type of scenarios, if the 750 GeV
scalar hint survives further measurements and get established as the first beyond the SM
discovery at LHC.
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